Optical properties of amorphous thin film of Se-Te-Ag system prepared by using thermal evaporation technique  by MISHRA, Madhu et al.
  
 
 
Optical properties of amorphous thin film of Se-Te-Ag system prepared by 
using thermal evaporation technique 
 
Madhu MISHRA1, Rashmi CHAUHAN2, Anju KATIYAR1, K. K. SRIVASTAVA1 
 
1. Department of Physics, Dayanand Brajendra Swarup D.B.S. (P.G.) College, Kanpur (U.P.), India; 
2. Department of Physics, D.A-V. (P.G.) College, Kanpur (U.P.), India 
 
Received 28 October 2010; accepted 29 December 2010 
                                                                                                  
 
Abstract: Optical reflection and transmission spectra of Se80−xTe20Agx (where x=0, 5, 10 and 15, molar percent) chalcogenide thin 
films have been obtained in the range 300−1 200 nm at room temperature. Glassy samples are prepared by melt quenching technique 
and thin films are obtained by using vacuum evaporation technique on glass transition at room temperature. The present paper reports 
the effect of Ag contents on various optical parameters such as optical band gap, refractive index, extinction coefficient, absorption 
coefficient. Reflection spectra are used for calculating these optical parameters. The band gap Eg is determined from the plot of 
(αhν)1/2 versus hν. Real and imaginary parts of the dielectric constant changes slightly with the variation of Ag contents in different 
samples. The film exhibits indirect band gap which increases with increasing Ag content. The observed behavior is explained on the 
basis of Davis and Mott model for the density of states. The absorption coefficient of thin films exhibits linear dependence on photon 
energy. Other optical parameters are calculated by using theory of reflectivity. All the optical parameters change with the variation of 
the film composition. Computerized spectrophotometer JASCO-UV/VIS/NIR is used to determine optical constants. 
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1 Introduction 
 
There has been considerable interest in amorphous 
semiconductors, particularly for the chalcogenide glasses, 
because they have a number of interesting physical 
properties. Chalcogenide glasses based on the chalcogen 
elements like S, Se and Te in binary or multi component 
system are promising materials for various optical and 
photonic applications [1−2]. Chalcogenide glasses 
exhibit excellent transmission in the near and far infrared 
spectral region. These materials have high refractive 
index, low phonon energy [3] and generally transparent 
from the visible to the infrared region. These are also 
found to be efficient host materials for the fiber optics 
amplifiers and infrared lasers. Chalcogenide glasses have 
attracted more interest because of their potential use in 
optoeletronics and technological applications such as 
photo resist image storage and memory switching. Se- 
based chalcogenide glasses in the amorphous state drew 
great attention and were subjected to a lot of 
investigation due to their high glass forming ability. Se 
represents a good host matrix for the investigation of 
chalcogenide glasses in the bulk and thin forms [4−5]. In 
the Se-Te-Ag system, Se is considered an interesting 
element due to its wide commercial importance but the 
pure Se has low sensitivity and short life time. To 
overcome this problem several researchers [6−8] have 
used certain additives (Ge, Te, Bi) for alloying Se to 
some extent. In the present study, we selected Te to make 
binary alloy; after alloying with Te, our samples gained 
much importance because of their higher photosensitivity, 
higher hardness, higher crystallization temperature and 
smaller aging effect [9−11]. The work on binary Se alloy 
has already been reported [12−13]. The reason of 
choosing Ag as the third element in Se-Te binary system 
is based on its attractive and important applications. Ag 
is used for photodoping of chalcogenide glassy 
semiconductors. The film of chalcogenide glasses 
containing Ag has found applications in erasable PC 
optical recording and generally exhibits single glass 
transition [14−16]. This single crystallization temperature 
is an important condition for rewritable disk [17]. 
Different Ag doped chalcogenide alloys have been 
developed as recording layer and their good practical 
performance has been reported [14−16]. ADEL et al [18]  
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investigated the crystallization kinetics of Se-Te-Ag 
system. We investigated the annealing effect of Se-Te-Ag 
samples [19]. In the present investigation, we analyzed 
the optical properties of Se-Te-Ag system for its practical 
application. Aiming at reflection and transmission, we 
prepared thin films and calculated optical properties like 
absorption coefficient, extinction coefficient, refractive 
index and optical band gap of the Se80−xTe20Agx (x= 0, 5, 
10, 15) glassy alloys. 
 
2 Experimental 
 
Chalcogenide glasses were prepared in the 
combination of Se80−xTe20Agx (where x= 0, 5, 10 and 15) 
by quenching technique. Materials (99.999% pure) were 
weighed according to their molar ratios and sealed in 
quartz ampoules (length was 6 cm, internal diameter was 
8 mm) in a vacuum of 133.322×10−5 Pa (10−5 Torr). The 
sealed ampoules were kept inside a furnace, where the 
temperature was raised to 950 °C at the rate of 3−4 
°C/min. 
The ampoules were frequently rocked at a 
maximum temperature for 10 h to make the melt 
homogeneous. The quenching was done in ice water. 
Thin films of glassy alloy with thickness of 3 000 Å were 
prepared by the vacuum evaporation technique, in which 
the substrate was kept at room temperature at a base 
pressure of 133.322×10−6 Pa (10−6 Torr) using the 
molybdenum boat. The film was kept inside the 
deposition chamber for 24 h to achieve the metastable 
equilibrium as suggested by ABKOWITZ [20]. The 
thickness of film was measured using a single crystal 
thickness monitor. Computerized spectrophotometer was 
used for measuring optical absorption, reflection and 
transmission as a function of wavelength of 300−      
1 200 nm. 
 
3 Result and discussion 
 
3.1 Optical properties 
The optical reflection and transmission spectra of 
films were measured in the wavelength range of 300−  
1 100 nm, using computerized spectrophotometer model 
JASCO-UV/VIS/NIR. The optical behavior of materials 
was utilized to determine its optical constants. Films 
were ideal specimens for reflectance and transmittance 
type measurement. An accurate measurement of the 
optical constant was expected because of the ideal films 
constructions. 
The optical band gap, refractive index and 
extinction coefficient are the most significant parameters 
in amorphous semiconducting thin films. Table 1 shows 
that refractive index n, extinction coefficient k, 
absorption coefficient α and band gap Eg increase with 
increasing silver contents. This indicates that the above 
parameters are strongly dependent on the film 
composition. Fig.1 shows the variation of reflectance R 
with wavelength (λ) in all of the samples having Ag 
content in different volume percentages. It is clear that 
the reflectance R varies positively with the variation of 
Ag contents. Theory of reflectivity is used to estimate the 
optical constants. 
 
Table 1 Values of refractive index (n), extinction coefficient (k), 
absorption coefficient (α) and optical band gap (Eg) of samples 
Se80−xTe20Agx films at room temperature and wavelength 510 
nm 
Sample No. Sample n k α Eg/eV
1 Se80Te20 1.76 10.02 2.09×104 0.55 
2 Se75Te20Ag5 2.38 12.79 3.11×104 0.58 
3 Se70Te20Ag10 3.30 17.06 4.05×104 0.60 
4 Se65Te20Ag15 3.56 19.19 4.61×104 0.66 
 
 
Fig.1 Variation in reflection with wavelength for Se80−xTe20Agx 
thin films at room temperature 
 
3.2 Refractive index (n) 
The refractive index n can be determined from the 
reflectance (R) and the value of extinction coefficient (k= 
αλ/4π) by using the following relation [21]: 
22
22
)1(
)1(
kn
knR ++
+−=                                                          (1) 
Variation of refractive index with photon energy is 
shown in Fig.2, which shows that an increase in photon 
energy results in an increase in refractive index n. After 
incorporating Ag content of about 15% in volume, the 
value of refractive index n reaches approximately 4 units. 
This indicates the strong dependence of refractive index 
n with Ag content. Values of refractive index for various 
samples are given for ready references in Table 1. 
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Fig.2 Variation of refractive index (n) with photon energy in 
Se80−xTe20Agx thin films at room temperature 
 
3.3 Absorption coefficient 
The spectral behavior of absorption coefficient α 
with energy depends strongly on Ag content, as shown in 
Fig.3. The analysis of absorption coefficient of the 
amorphous films was found suitable with the following 
equation:  
nEhBh )( g−= ννα                                                      (2) 
 
where n=1/2 which shows indirect transition according 
to TAUC [22]. 
 
 
Fig.3 Variation of absorption coefficient (α) with photon 
energy in Se80−xTe20Agx thin films at room temperature 
 
It has been observed that the value of absorption 
coefficient α increases with increasing photon energy for 
all the samples. The variation is the minimum in the 
sample without silver while it is the maximum for 
Se65Te20Ag15. The variation of absorption coefficient α 
seems to be constant after certain wavelength. The exact 
values of absorption coefficient α are given in Table 1. 
The absorption coefficient α has been obtained directly 
from the absorbance against wavelength using the 
following relation [23] given by 
 
t
ρα =                                                                             (3) 
 
where ρ is the optical density and t is the measured 
thickness of the film. 
In the absorption process, a photon of known energy 
excites an electron from lower to higher energy state, 
corresponding to absorption edge. In chalcogenide 
glasses a typical absorption edge can be broadly ascribed 
by three processes: residual below-gap absorption, 
urbach tail, and interband absorption. 
Chalcogenide glasses have been found to exhibit 
highly reproducible optical edges which are relatively 
insensitive to preparation conditions and only the 
observable absorption with a gap under equilibrium 
conditions accounts for process. In the second process 
the absorption edge depends exponentially on the photon 
energy according to the Urbach relation [24]. In 
crystalline materials, the fundamental edge is directly 
related to conduction and valance band, i. e. direct and 
indirect band gap, while in the case of amorphous 
materials, a different type of optical absorption edge is 
observed. 
 
3.4 Optical band gap 
The absorption of amorphous semiconductor has 
been observed to obey equation (2) [2]. 
Since our sample obeys the rule of indirect 
transition therefore above equation converts into 
 
)()( g
2/1 EhCh −= ννα                                             (4) 
 
where α is the absorption coefficient; C is the constant; 
and n is a refractive index which can be assumed to have 
values of 1/2, 3/2, 2, and 3 depending on the nature of 
the electronic transition responsible for the absorption. 
To calculate the values of band gap Eg, we have 
plotted (αhν)1/2 verses hν in Fig.4. The optical energy gap 
was determined by extrapolating the linear portions of 
these plots. Calculated values of the samples are given in 
Table 1. The value of band gap of system without silver 
is 0.55 eV. After incorporating Ag at 5% and 10% in 
binary Se-Te alloy it increases from 0.58 eV to 0.60 eV 
at room temperature, we further increased the Ag at 15% 
and band gap increases up to 0.66 eV. We investigated 
the annealing effect of these samples [19]; the band gap 
also increases from initial values. An increase of optical 
band gap can be attributed to a decrease of the width of 
localized states near the mobility edges so the disorder 
and defect present in the structure decrease. An increase 
in optical energy gap Eg with increasing Ag content may 
be due to the increase in grain size, reduction in the 
disorder and decrease in density of defect state (which 
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Fig.4 Variation of (αhν)1/2 with photon energy in Se80−xTe20Agx 
thin films at room temperature 
 
results in the reduction of tailing of band). Since the 
optical absorption also depends on short range order in 
the amorphous states and defects associated with it. The 
increase in optical band is probably explained on the 
basis of “density of state model” proposed by MOTT and 
DAVIS [25]. According to this model, the width of the 
localized states near the mobility edges depends on the 
degree of disorder and defect present in the amorphous 
structure. In particular, it is known that unsaturated 
bonds together with saturated bonds are produced as the 
result of an insufficient number of atoms deposited in the 
amorphous film. 
 
4 Conclusions 
 
1) The optical gap increases with an increase of Ag 
concentration in Se80−xTe20Agx (where x=0, 5, 10 and 15) 
systems.  
2) The results prove that optical gap strongly 
depends upon the film composition. The absorption 
coefficient for the film exhibits a linear dependency on 
photon energy. In the wide range of wave length the 
absorption coefficient follows Urbach relation.  
3) It is also found that the values of the optical 
constants increase with increasing Ag content at room 
temperature. An increase in the optical band gap with 
increasing Ag content is probably due to the increase in 
grain size, reduction in the disorder and decrease in the 
density of defect state which results in the reduction of 
tailing of bands. 
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